In addition to
A synthetic chemicals disulfiram (Antabuse, tetraethylthiuram disulfide) and its reduction product dietyldithiocarbamate profoundly inhibit large bowel neoplasia induced by 1, 2-dimethylhydrazine (DMH)17 through altering the carcinogen metabolism (inhibits the N-oxidation of azomethane and the C- Table 2 . Chemopreventive Agents Reported in Colon Carcinogenesis Natural and Synthetic Chemopreventive Agents Against Colon Carcinogenesis Found in Our Laboratroy oxidation of azoxymethane (AOM)). Pyrazole, an inhibitor of alcohol deheydrogenase, blocks methyl azoxymethanol (MAM) acetate-induced intestinal carcinogenesis18, but increase skin and renal tumors incidence. Disulfiram and pyrazole, DMH metabo lism inhibitors, also decrease O6-methylguanine for mation in rat colonic DNA. The first report demon strating inhibitory effect of micronutrients on colon carcinogenesis of rodents was described using selenium19. Wattenberg suggested protective effects of some minor non-nutrients in the diets on colon tumorigenesis20. In 1985, he roughly classified chemopreventive agents into blocking and suppress ing agents based on the time period that agents appear to have activity in animals models of carcinogenesis21.
Since then, several naturally occurring compounds and synthetic chemicals have been intensively inves tigated for their chemopreventive action on chemi cally induced colon cancer. These include the in organic and organic selenium salts, phenolic antiox idants, non-steroidal anti-inflammatory drugs (NSAIDs), ornithine decarboxylase (ODC) in hibitors, etc. (Table 2 ). Our group also found sev eral natural or synthetic chemopreventive agents against colon carcinogenesis (Table 3) . Recently, it is proposed that aberrant crypt foci (ACF, Fig. 2 ) being present in carcinogen treated colons of rodents and in the colons of humans with a high risk for colon cancer have been employed to study modulators of colon carcinogenesis ( In mammals, essential fatty acids belonging to the n-6 and n-3 families are not interconvertible. Diets containing animal meat and plant seeds supply n-6 fatty acids while diets high in green leaves and fish supply n-3. Phospholipids being localized exclu sively in cell membranes are a major storage site for these polyunsaturated fatty acids. Because of "West ern" dietary condition, AA (20: 4, n-6) is by far the dominant polyunsaturated fatty acid. Thus dietary (Table   6 ) present in foods. Approximately 2,000 individual members of the flavonoid class have been described and the flavonoids are consumed in rather large amounts through dietary vegetables and fruits. The Table 6 on the development of ACF. ACF were induced by subcutaneous injections of AOM (15mg/ kg body weight, 3times) and test chemicals in the basal diet at various dose levels were administered to male F344 rats for 5 weeks, starting 1 week before AOM dosing (Fig. 3) . The results showed that 5 weeks after the start animals receiving AOM and all test compounds had fewer ACF/colon than those given AOM alone ( Table 9 ). As shown in Table 9 , test compounds also reduced mucosal ODC activity and number of silver-stained nucleolar organizer regions (AgNORs) protein/nucleus in the colonic crypts, which are known intermediate. cell prolifera tion biomarkers22,32,41 These findings suggested the possible chemopreventive effects of these compounds F344 rats were given subcutaneously injections of AOM (15mg/kg body weight, weekly, 3times) to induce colon cancer (Fig. 4) . For "initiation" feed ing, oral administration of these compounds in the diets was begun 1 week before the AOM exposure and continued for 4 weeks, and for "postinitiation" feed ing, experimental diets containing test compounds, beginning 1 weeks after the last dosing of AOM, were given for 28 weeks (protocatechuic acid and hesper idin and diosmin) or for 32 weeks (S-methyl meth ane thiosulfonate). The results showed that 32 or 36 weeks after the start, rats receiving test compounds had fewer colon cancer than those without test com pounds (Table 10) . Importantly, complete inhibi tion of colon cancer was found in rats fed S-methyl methane thiosulfonate during the postinitiation phase and the tumor-inhibiting effect of PCA was dose dependent. The results also indicate that protocate chuic acid, hesperidin, and diosmin may affect both initiation and postinitiation stages of large intestinal carcinogenesis. The expression of cell proliferation biomarkers such as ODC activity, polyamine level, 5' bromodeoxyuridine (BrdU)-labeling index, and AgNOR number was also suppressed by sup plementation of test compounds (Table 10) . The results paralleled those in the pilot studies. There fore, it is likely that the chemopreventive actions of the compounds, at least in part, may be related to the modulation of cell proliferation activity in the colonic crypts. Recently, up-regulation of COX-2, but not COX-1, gene expression was reported in human colorectal neoplasms47. This may suggest that COX- In conclusion, certain flavonoids and other sub stances with biological activity including antiox idative and/or anti-inflammatory properties, which are present in vegetables and fruits, could exert chemo preventive action in rat colon carcinogenesis as shown here. However, more work needs to be done to better understand the underlying mechanism(s) of action and to confirm their safety for use in humans. 
